Hepatitis C Virus (HCV) infection and recurrence post-transplant (OLT) is associated with extracellular matrix (ECM) components remodeling, particularly collagen (Col), leading to fibrosis. Our aim was to determine whether development of antibodies (Abs) to self antigen Col in HCV infection correlates with fibrosis stage and peripheral cytokine response. Chronic HCV patients, those with recurrence after OLT undergoing biopsy and healthy control subjects were enrolled. HCV subjects (n=70) were stratified: 1) Non OLT No Fibrosis (Scheuer Stage 0-2) 2) Non OLT Fibrosis (Scheuer Stage 3-4) 3) Post OLT No Fibrosis (Scheuer 0-2) and 4) Post OLT Fibrosis (Scheuer 3-4). Serum was analyzed for Abs against Col-1, 2, 4, 5 and vimentin using ELISA. Serum levels of cytokines were measured using Multiplex Bead immunoassays. Levels of Abs to Col 1 were higher in fibrosis groups compared with no fibrosis groups and control both Non OLT (p<0.0001) and Post OLT (P=0.01). There were increased levels of Abs to Col 2, 4, 5 and vimentin, in fibrotic groups Non OLT (Col 2: p=0.0001, Col 4: p =0.09, Col 5: p<0.0001, vimentin: p=0.36) and Post OLT (Col 2: p=0.006, Col 4: p = 0.1, Col 5: p<0.0001, vimentin: p=0.24) compared with non fibrotic groups. Fibrotic groups non-OLT and post OLT demonstrated significantly higher Th2, Th17 cytokines and lower Th1 cytokines compared to non fibrotic groups. Our results demonstrate that in HCV infection, Abs to ECM Collagen 1, 2, 5 positively correlate with liver fibrosis which is associated with a predominant Th2 and Th17 cytokine profile.
accelerated course, with the development of cirrhosis in 20-30% of patients within 5 years (6, 7). In this setting, factors impacting progression of fibrosis include liver donor quality, recipient factors (older age, non-Caucasian race, higher Child-Pugh score prior to transplantation), and systemic immunosuppression (8-10).
Liver fibrosis due to different etiologies has been associated with an increased deposition of collagens (Col) and other connective tissue components (11, 12). In particular, HCV infection in the native liver and its recurrence post-transplant has been shown to significantly impact deposition and remodeling of extracellular matrix (ECM) components particularly Col, leading to enhanced fibrosis (13). Further, chronic rejection in the allograft is initiated by a host-anti-graft-immune response with both antigen-dependent and nonimmune (antigen-independent) factors leading to fibroproliferative changes affecting graft function. Inflammation and tissue remodeling promoted by alloimmune mechanisms facilitate the induction of autoimmune responses against self-antigens. Studies in the arena of heart, lung, and kidney transplantation have identified putative mechanisms that contribute to the development of chronic rejection (14, 15) . In these instances, an emerging paradigm is that inflammation and associated tissue remodeling attendant to the posttransplant state exposes cryptic self-antigens or their determinants that, along with a favorable cytokine milieu, allows for loss of peripheral tolerance and activation of cellmediated immunity towards development of de novo immune responses to self antigens (16) . Previous studies have shown a higher prevalence of auto-Abs to nuclear, smooth muscle and anti-mitochondrial antigens in patients with chronic HCV infection (17, 18) . In addition, the presence of circulating Abs to ECM collagen has been well established in liver disease (19) . However the clinical implications of their occurrence, in particular their relation to HCV induced fibrosis of the native and allograft liver and their functional significance in the induction of fibrosis needs better characterization.
In this investigation we postulated that chronic HCV infection resulting in liver parenchymal damage and progressive ECM remodeling may lead to the induction of an immune response to ECM proteins. This was assessed by determining Abs to ECM collagen (subtypes 1, 2, 4 and 5) and vimentin at various stages of HCV infection in the native liver and in the allograft post OLT. The study group was also examined for the presence of classic autoimmune markers such as anti-nuclear, anti-smooth muscle, anti-mitochondrial Abs, rheumatoid factor and cryoglobulins. In addition, we measured serum levels of proinflammatory cytokines (IL-17, IL-6, IL 1β, IFN-γ, IL-4, IL-5, and IL-10) that have previously been implicated in the pathogenesis of liver fibrosis in chronic HCV infection (20, 21) . Our results demonstrate that Abs to self antigen ECM collagen positively correlate with stage of liver fibrosis as well as a Th2 and Th17 cytokine milieu both in non OLT and post-OLT HCV patients.
PATIENTS AND METHODS

HCV patient population
Patients followed in the Division of Gastroenterology and the Liver Transplant Program at Washington University School of Medicine and Barnes-Jewish Hospital, St Louis, Missouri, over a 4-year period (April, 2005 to July, 2009) were consecutively enrolled for study upon presentation for liver biopsy. Patients had documented HCV infection, confirmed by HCV RNA quantitative polymerase chain reaction assays with a lower detection limit of 50 IU/ml (Cobas Amplicor, Roche Diagnostics). Patients <18 years old, previously treated with antiviral therapy within 24 weeks of enrollment, with other active liver disease (including hepatitis B, autoimmune hepatitis, biliary cirrhosis, sclerosing cholangitis, steatohepatitis or alcoholic liver disease) or with documented HIV infection were excluded.
Demographic, clinical and laboratory data were extracted from the medical record, using values obtained within 1 month of liver biopsy. In addition, for OLT recipients, aminotransferase and bilirubin level at day 7 post transplant was collected. Liver biopsies were performed in non-transplant patients for evaluation of histologic severity prior to consideration of antiviral therapy. In post OLT patients, liver biopsies were obtained in the evaluation of abnormal liver tests or as part of protocol biopsies 1 year following OLT. OLT patients were maintained on stable doses of immunosuppression and had no episodes of acute cellular rejection within 6 months of study entry. Liver biopsies were scored for fibrosis using the Scheuer staging system [Stage 0: No Fibrosis-none; 1: Mild Fibrosisenlarged, fibrotic portal tracts; 2: Moderate Fibrosis-periportal or portal-portal septa, but intact architecture; 3: Severe Fibrosis-fibrosis with architectural distortion but no obvious cirrhosis; and 4: Cirrhosis-probable or definite cirrhosis] (22) . Patients for which a fibrosis score was not available were excluded from the study. All patients non OLT and post OLT were classified into two groups based on fibrosis stage: No Fibrosis (Stage 0-2) and Fibrosis (Stage 3-4) Blood samples were obtained at the time of liver biopsy. Serum was stored at −70°C. Serum samples from 25 normal healthy subjects with no known pre-existing liver or autoimmune disease was obtained at the time of blood donation at the HLA laboratory and stored. Informed consent was obtained from all subjects. No donor organs were obtained from executed prisoners or other institutionalized persons. This protocol was approved by the Human Research Protection Office (institutional review board) of Washington University School of Medicine, St Louis, Missouri.
Enzyme Linked Immunosorbent Assay (ELISA)
We used a standardized ELISA test for detecting human Abs to Col-1, 2, 4, 5 and vimentin as described previously (14, 15, 23, 24) . In brief, Col and vimentin proteins were commercially obtained. Ninety-six well ELISA plates were coated with 100ng/100 μl of human Col 1 (Cell Sciences, Canton, MA), 50ng/100 μl of human Col 2, 2ng/100 μl of human Col 4 (Biodesign International, Saco, ME) 200ng/100 μl of human Col 5 (Sigma, St Louis, MO) and 200ng/100μl of vimentin (Sigma, St. Louis, MO). The plates were kept at 4°C overnight and blocked with 1% BSA for 2hrs at 37°C. A minimum of two dilutions of serum for each auto-Ab were used: 1/50 and 1/75 for Col 4, 1/100 and 1/200 for Col 1 and 2, 1/500 and 1/750 for Col 5 and 1/500 and 1/1000 for vimentin. Plates were incubated overnight at 4°C and washed. The secondary peroxidase conjugated goat anti-human IgA +IgM+IgG (Jackson immuno research, West grove, PA) were added the following day and incubated for 1 hr at room temperature. The plates were washed again and developed using 100μl/well of TMB substrate (Millipore, Temecula, CA). The reactions were stopped by 2N HCl and plates were read using ELISA plate reader (μ Quant, Bio-TEK instrument Inc, Winooski, VT) at 450 nm wave length. Concentration of Abs was determined based on a standard curve using the binding of known concentration of standard monoclonal mouse anti Col 4 and anti vimentin, rabbit anti Col 1 and 5 (Abcam, Cambridge, MA) and goat anti Col 2 (Santa Cruz Biotechnology Inc. CA) Abs. The results were normalized and expressed in μg/mL. Positive cut off for the level of Abs was set as +2 standard deviations of the mean obtained in normal healthy subjects. This was determined to be 14ng/mL for anti Col I, 2ng/ mL for anti Col 2, 0.5ng/mL for Col 4, 160ng/mL for anti Col 5 and 35ng/mL for anti vimentin.
Luminex Assay
Serum cytokine and chemokine profile of the study cohort was analyzed by measuring concentration of cytokines (IL-1β, IL-1rα, IL-2, IL-2R, IL-4, IL-5, IL-6, IL-7, IL-8, IL-10, IL-12p40, IL-13, IL-15, IL-17, TNF-α, IFN-α, IFN-γ, GM-CSF) and chemokines (MIP-1c, MIP-1β, IP-10, MIG, Eotaxin, RANTES, MCP-1)using the 25-plex Human Multiplex Bead immunoassay (Invitrogen, Carlsbad, CA) according to manufacturer's instructions as described (21) . The Luminex xMAP ™ was used to read 96 well plates (Fisher, Pittsburgh, PA) and determine the mean fluorescence intensity (MFI) of experimental and standard wells and concentrations were calculated by the standard curves.
Statistical Analysis
All analysis was performed using GraphPad Prism v5.0b (La Jolla, CA), SPSS v17 (Chicago, IL) and SYSTAT V11.0 (SYSTAT, Richmond, VA). Data was checked for normality using Schapiro-Wilks test and non-normal data was log transformed. Clinical demographics were compared using the Kruskal Wallis test with post-hoc Dunn's multiple comparison. Mann-Whitney U test was used to determine differences in antibody and cytokine levels between groups. Correlation analyses were performed using the Spearman rank test. Two by two tables were analyzed with Fischer T tests. Relative risk with confidence intervals, specificity and sensitivity of presence of Abs and fibrosis was determined from contingency tables. Two sided level of significance was set at p<0.05. Results were expressed as mean (SEM).
RESULTS
Serum from HCV patients (n=70) [Non OLT no fibrosis (n=25); Non OLT fibrosis (n=25), Post OLT no fibrosis (n=10) and Post OLT fibrosis (n=10)] and 25 normal healthy controls were collected. No significant demographic difference was noted between non fibrotic or fibrotic groups non-OLT or post OLT with regards to: age, gender, race, HCV genotype, aminotransferase level, or viral load (Table 1 and Table 2 ). In the post OLT population with HCV recurrence time to biopsy from date of OLT was not significantly different among the non-fibrotic versus the fibrotic group (9.1 +/− 1.4 months vs 9.8 +/− .76, p=0.68). In addition, there was no difference in aminotransferase and bilirubin level 1 week post OLT, type of immunosuppression, incidence of biliary complication necessitating endoscopic or percutaneous cholangiogram, or episodes of acute rejection (Table 2) .
Among non OLT patients the overall prevalence of antinuclear, anti smooth muscle, antimitochondrial, cryoglobulins, and rheumatoid factor was 8%, 4%, 2%, 2% and 7.5%, respectively. There was no difference in the prevalence of these between the fibrotic and non fibrotic groups (Table 1) . In post OLT patients, the overall prevelance of antinuclear, antismooth muscle, anti-mitochondrial, cryoglobulin and rheumatoid factor was 10%, 10%, 10%, 5% and 5%, respectively. The prevalence of these between the fibrotic and non fibrotic groups did not differ ( Table 2 ). The control group consisted of 25 healthy subjects with a mean age of 45 ± 12.4 years and a male:female ratio of 15:10. They had no known preexisting history of liver or autoimmune disease and were HCV, HBV and HIV negative.
Development of Abs against Col-1, 2, 4, 5 and vimentin in patients with HCV infection of Native Liver
In order to determine whether Abs against ECM are developed during chronic HCV infection in the native liver, we analyzed serum samples from 25 HCV+ non-OLT subjects with no fibrosis (Scheuer 0-2), 25 HCV+ non-OLT with fibrosis (Scheuer 3-4), and 25 healthy controls (Figure 1) . Subjects in the fibrosis group had significantly higher Abs to Col 1, 2, 5 compared to the non-fibrotic and control groups (expressed as mean(SEM) ng/ mL -Anti Col1: 27(4.1) vs 18.8( In order to evaluate the relative risk, specificity and sensitivity of anti-Col Abs in predicting fibrosis, we plotted two by two tables classifying presence or absence of Abs based on cut offs obtained from normal healthy individuals. Among the non OLT, we found that there was an increased risk of development of fibrosis with the development of anti-Col 1 (relative risk -7.94, 95% CI -3.56 -15.54, P value < 0.001, Specificity 92%, Sensitivity 88%), anti Col 2 (Relative Risk -4.69, 95% CI -2.44 -7.93, P value <0.001, Specificity 88%, Sensitivity 80%), and anti Col 5 Abs (Relative Risk -8.09, 95% CI -4.02 -12.23, P value <0.001, Specificity 96%, Sensitivity 88%) (Table 3A ). In the post OLT group as well, we found a increased risk of fibrosis with the development of anti Col 1(Relative Risk -4.5, 95% CI -1.69 -8.15, P value -0.002, Specificity 80%, Sensitivity 90%), anti Col 2 (Relative Risk -4.0, 95% CI -1.4 -11.39, P value -0.007, Specificity 80%, Sensitivity 80%) and anti Col 5 (Relative risk -6.0, 95% CI -1.48 -34.0, P value -0.006, Specificity 70%, Sensitivity 90%) Abs (Table 3B) .
Analysis of circulating cytokine profile in non OLT and post OLT HCV patients
In order to determine serum cytokine levels, we performed solid-phase sandwich Multiplex Bead immunoassays to measure 25 different cytokine and chemokines in the study cohort. The Post OLT group and 10 randomly selected Non-OLT no fibrosis and Non-OLT Fibrosis were analyzed [ Table 4A and 4B]. There was a significantly higher level of Th1 cytokine (IFN-γ) in patients without fibrosis compared to those with fibrosis both non-OLT 
DISCUSSION
Chronic HCV infection has been associated with the development of auto-Abs including cryoglobulins (25) , rheumatoid factor (26), anti-cardiolipin (27) , anti-nuclear (28, 29) , antismooth muscle (29) and anti-liver-kidney microsome 1 (28) . Recent studies have provided evidence for the role of circulating Abs to self antigens in the development of hepatic inflammation and subsequent fibrosis during chronic HCV infection (30, 31) . With disease progression, HCV induced inflammation can lead to necroinflammatory damage and the development of fibrosis. Such an inflammatory milieu can lead to the exposure and release of sequestered antigens or their antigenic determinants from the ECM. Previous studies from our laboratory have shown that Abs to self antigens developed following human lung transplantation can induce secretion of fibrogenic growth factors, cytokines, chemokines and matrix metalloproteinases following binding with their cognate antigens expressed on epithelial and endothelial surfaces (32, 33) . T cell mediated immune responses to self antigens such as to cardiac myosin (34) heat shock protein 60 (35) and Col-5 (23) have been shown to lead to fibrosis following heart, kidney and lung transplantation respectively. Based on these findings we hypothesized that the HCV infection leads to the development of Abs to ECM antigens both in non OLT and post OLT patients and may play a role in the development of liver fibrosis.
In the present study, we demonstrate that HCV infection is associated with the development of Abs to Col-1, 2 and 5 in both non-and post-OLT patients. Although we did detect Abs to other ECM proteins such as Col 4 and vimentin, we did not find a significant difference between histologic groups. Interestingly, we also found that both non-OLT and post-OLT subjects had a low prevalence of other classical autoimmune markers such as antinuclear, antimitochondrial, antismooth muscle, cryoglobulins, rheumatoid factor, and these did not differ between the groups. This suggests that the development of Abs to Col is not part of a global autoimmune response and but rather a more specific to response related to liver fibrosis. While post-OLT patients demonstrated increased levels of Abs to Col-1, 2 and 5 when compared to normal controls, these were generally at overall lower levels when compared with non-OLT patient. This is possibly due to the replacement of fibrotic liver with a healthy allograft, and also possibly due to immunosuppression during the post-OLT period. In cirrhotic livers, higher levels of Col-1 are found in fibrotic septa while Col-5 is seen in the walls of proliferating bile ductules, vessels and along periportal sinusoids (36, 37) . Col-5 is thought to play a role in anchoring parenchymal Col-4 and fibrous septa Col-1. Therefore, Ab mediated responses against ECM self antigens, particularly Col, may play a role in the development of fibrosis in chronic HCV patients.
Studies from our lab have shown that both non OLT and post OLT patients who develop fibrosis display a predominant Th2 (20, 21) and Th-17 response (accepted manuscript -Am J Transplant 2011) with an increase in IL-10, IL-4, IL-5, IL-1β and IL-6. In contrast patients who demonstrate an HCV specific Th1 (IFN-γ) response are resistant to fibrosis (20, 21) . In addition, IL-17 has been shown to be a critical inflammatory mediator facilitating the development of germinal center B cells involved in the production of Abs to self antigens (38) . Autoreactive B cells infiltrating the liver (39) and Th17 cells (40) have been shown to be a significant source of the pro-fibrotic cytokine IL-6, which is involved in differentiation of hepatic stellate cells to myofibroblasts, induction of fibroblast proliferation, and increased synthesis of ECM collagen and tissue inhibitors of metalloproteinases. Studies have also shown that patients with active chronic HCV have increased serum IL-4, IL-5, IL-6, IL-10 and IL-1β (41) (42) (43) (44) .
In this study the occurrence of Abs to ECM collagen positively correlated both with the stage of fibrosis on biopsy and an increased Th2 (IL-4, IL-5, IL-10), Th17 (IL-17) and proTh-17(IL-1β, IL-6) cytokine profile in the serum (Table 4A, 4B ). In addition, abs to collagen negatively correlated with IFN-γ levels. These results support our hypothesis that IL-6, IL-4, IL-5 and IL-10 may augment humoral responses to Col. IL-6 and IL-1β polarize a Th-17 response which may perpetuate the production of abs to self antigens. In post OLT patients, binding of abs to self antigens in the allograft can results in activation of Kupffer cells to release pro-fibrogenic growth factos such as TGF-β which has also shown to be responsible for ECM production and fibrosis (45) . A limitation of our study is that given its cross sectional nature, the development of Abs cannot be temporally correlated with progression of fibrosis. In addition, although our study suggests a definite correlation between the detection of serum abs to Col and liver fibrosis, the exact role of these in the pathogenesis of fibrosis still remains unclear. Further studies to evaluate a mechanistic correlation between Th17 immunity, development of abs to ECM Col and fibrosis progress in HCV infection of the native liver and allograft are warranted.
In conclusion, chronic HCV infection leads to development of an immune response to selfantigens which may play a role in liver fibrosis in non-OLT and post OLT HCV patients. Elevated levels of proinflammatory mediators IL-17, IL-6, IL-4, IL-5, IL-10 and IL-1β may facilitate a breakdown of peripheral tolerance to various self antigens and specifically induce the development of pathogenic autoreactive Th17 cells which promote the development of Abs to ECM collagen. This strong correlation of abs to Col and liver fibrosis will provide the basis to conduct prospective longitudinal studies to validate if serial measurements of anti-Col ab titers can serve as an early, non invasive marker for fibrosis progression in HCV patients.
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Abbreviations
HCV
Hepatitis C Virus
HBV
Hepatitis B Virus
OLT
Orthotopic Liver Transplantation
ECM
Extracellular Matrix
Col
Collagen Abs-Antibodies Relative risk -7.94, 95% CI -3.56 -15.54, P value < 0.001, Specificity 92%, Sensitivity 88%
ANA
Relative Risk -4.69, 95% CI -2.44 -7.93, P value <0.001, Specificity 88%, Sensitivity 80%
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